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Abstract
The second groundwater quality study of the Chemung River Basin in south-central New York was conducted as part of the U.S. Geological Survey 305(b) water-qualitymonitoring program. Water samples were collected from five production wells and five private residential wells from October through December 2008. The samples were analyzed to characterize the chemical quality of the groundwater. Five of the wells are screened in sand and gravel aquifers, and five are finished in bedrock aquifers. Two of these wells were also sampled for the first Chemung River Basin study of 2003. Samples were analyzed for 6 physical properties and 217 constituents, including nutrients, major inorganic ions, trace elements, radionuclides, pesticides, volatile organic compounds, phenolic compounds, organic carbon, and four types of bacterial analyses. Results of the water-quality analyses for individual wells are presented in tables, and summary statistics for specific constituents are presented by aquifer type. The results are compared with Federal and New York State drinking-water standards, which typically are identical.
Water quality in the study area is generally good, but concentrations of some constituents equaled or exceeded current or proposed Federal or New York State drinkingwater standards; these were: sodium (one sample), total dissolved solids (one sample), aluminum (one sample), iron (one sample), manganese (four samples), radon-222 (eight samples), trichloroethene (one sample), and bacteria (four samples). The pH of all samples was typically neutral or slightly basic (median 7.5); the median water temperature was 11.0 degrees Celsius (°C). The ions with the highest median concentrations were bicarbonate (median 202 milligrams per liter [mg/L]) and calcium (median 59.0 mg/L). Groundwater in the study area is moderately hard to very hard, but more samples were hard or very hard (121 mg/L as calcium carbonate (CaCO 3 ) or greater) than were moderately hard (61-120 mg/L as CaCO 3 ); the median hardness was 205 mg/L as CaCO 3 . The maximum concentration of nitrate plus nitrite was 3.67 mg/L as nitrogen, which did not exceed established drinking-water standards for nitrate plus nitrite (10 mg/L as nitrogen). The trace elements with the highest median concentrations were strontium (median 196.5 micrograms per liter [µg/L]), barium (median 186 µg/L), and iron (median 72.5 µg/L in unfiltered water). Five pesticides and pesticide degradates were detected among four samples at concentrations of 0.11 µg/L or less; they included herbicides and herbicide degradates. Six volatile organic compounds (VOCs) were detected among four samples; these included four solvents, methyl tert-butyl ether, and one trihalomethane. Trichloroethene, a solvent, was detected in one production well at 5.5 µg/L; the Federal and New York State Maximum Contaminant Level (MCL) (5 µg/L) was exceeded. The highest radon-222 activities were in samples from bedrock wells [maximum 1,740 picocuries per liter (pCi/L)]; eight of
Introduction
Section 305(b) of the Federal Clean Water Act Amendments of 1977 requires that states monitor and report biennially on the chemical quality of surface water and groundwater within their boundaries (U.S. Environmental Protection Agency, 1997). In 2002, the U.S. Geological Survey (USGS), in cooperation with the New York State Department of Environmental Conservation (NYSDEC), developed a program to evaluate groundwater quality throughout the major river basins in New York on a rotating basis. The work parallels the NYSDEC Rotating Intensive Basin Study program, which evaluates surface-water quality in 2 or 3 of the 14 major river basins in the State each year. The groundwater-quality program began in 2002 with a pilot study in the Mohawk River Basin (Butch and others, 2003) . Groundwater-quality sampling was completed in the Chemung River Basin in 2003 (Hetcher-Aguila, 2004 ; the Lake Champlain and Susquehanna River Basins in 2004 (Hetcher-Aguila and Eckhardt, 2006) ; the St. Lawrence (Nystrom, 2007b) , Delaware (Nystrom, 2007a) , and Genesee River Basins (Eckhardt and others, 2007) and western New York (Niagara and Allegheny River Basins, and tributaries to Lake Erie and western Lake Ontario) (Eckhardt and others, 2008) in 2006; and the Upper Hudson River Basin (Nystrom, 2009) and Central New York (Oswego, Seneca, and Oneida River Basins) others, 2009) in 2007 . Sampling in the Eastern Lake Ontario Basin, the Chemung River Basin, and the Lower Hudson River Basin (Nystrom, 2010) was completed in 2008.
Purpose and Scope
This report presents the results of the 2008 groundwater study in the Chemung River Basin in south-central New York. It supplements the water-quality study completed in 2003 in the Chemung River Basin (Hetcher-Aguila, 2004 ) by re-sampling two of the wells from that study (wells SB 1470 and SB 2326) and provides analytical results for eight new wells ( fig. 1 ). This report briefly describes the study area and the sampling methods, and presents results of the 2008 waterquality analyses. Summary statistics (number of samples exceeding Federal or State drinking-water standards) and the minimum, median, and maximum concentrations of selected analytes in 10 samples from wells in surficial and bedrock aquifers are given in tables 1 to 3. Information on the sampled wells and detailed analytical results for all analytes are given in Appendix tables 1-1 through 1-9 at the end of the report.
Study Area
The Chemung River Basin (1,744-square miles [mi 2 ]) lies mostly in south-central New York and partly in northcentral Pennsylvania ( fig. 1) . A complete description of the study area is presented in the first Chemung River Basin report (Hetcher-Aguila, 2004) . Briefly, the study area includes all or parts of seven counties in south-central New York. It encompasses the Cohocton River Basin and the Canisteo River Basin. The main valley of the Chemung River trends northwest-southeast, is about 1 mile wide in most places, and empties into the Susquehanna River, south of Waverly, New York, in Pennsylvania. The entire study area lies within the Appalachian Plateau physiographic province. The Chemung River valley is filled with as much as 500 feet of glaciofluvial sand and gravel and glaciolacustrine silt and clay (Miller, 1982) . Saturated deposits of sand and gravel form aquifers that supply water to the villages and cities throughout the basin, including the cities of Elmira, Corning, and Bath ( fig. 1 ). The main valley intersects northeast-southwest trending glaciated tributary valleys that are also filled with glacial sediments. Bedrock aquifers are used for water supply where sand and gravel aquifers are absent, typically in upland areas. The bedrock uplands rise as high as 900 ft above the valley floor and consist of nearly flat-lying interbedded shales, siltstones, and fine-grained sandstones of Devonian age.
Methods
A total of 10 wells were selected for sample collection as described by Hetcher-Aguila (2004) . Five are finished in sand and gravel aquifers, and five are finished in bedrock aquifers. The five wells that tap sand and gravel are production wells, and the five bedrock wells are private residential wells. Sampling was done from October through December 2008. The water samples were analyzed for 6 physical properties and 217 constituents, including 4 types of bacterial analyses. Three samples-two field blanks and one replicate sample-were collected for quality assurance (QA) and quality control (QC), as required for the Federal 305(b) program.
Samples were collected from every well for these analyses and were processed by methods described in USGS manuals for the collection of water-quality data (U.S. Geological Survey, variously dated). A detailed description of the sampling and analytical methods is given by HetcherAguila (2004) . Samples collected for pesticide analyses were processed by the methods of Shelton (1994) , Sandstrom and others (2001) , and Wilde and others (2004) . These samples were analyzed for 132 pesticides and pesticide degradates through methods described by Zaugg and others (1995), Furlong and others (2001) , Sandstrom and others (2001), Meyer and others (1993) , and Lee and Strahan (2003) . The analytical method devised by Zaugg and others (1995) was developed in cooperation with the U.S. Environmental Protection Agency (USEPA) and allows detection of the Nation's most commonly used pesticides. Samples for bacterial analyses were processed in accordance with New York State Department of Health (NYSDOH) guidelines.
The analyses for physical properties, most trace elements and metals, acid-neutralizing capacity, organic carbon, radon-222, volatile organic compounds (VOCs), and phenols were done on unfiltered water samples to obtain total whole-water concentrations. Dissolved concentrations of nutrients, major inorganic constituents, three metals, and pesticides were obtained from filtered samples. Concentrations of iron and manganese were measured in both filtered and unfiltered samples to provide the total and dissolved concentrations (table 1-6). Sulfuric acid was added to the samples collected for phenol analysis. Hydrochloric acid was added to samples collected for total organic carbon, VOC, and mercury analyses, and nitric acid was added to some of the samples collected for trace-element analyses to prevent sample degradation. Samples collected for dissolved inorganiccompound analyses were filtered through a 0.45-micrometer (µm) cellulose capsule filter that was attached to the Teflon discharge line inside the sample-collection chamber; samples for pesticide analysis were filtered through a 0.7-µm furnacebaked glass-fiber plate filter using the methods of Wilde and others (2004) .
The samples were stored on ice in coolers and delivered directly or shipped by overnight delivery to four laboratories: (1) the USGS National Water Quality Laboratory (NWQL) 
Groundwater Quality
Samples from 10 wells were analyzed for 223 constituents and physical properties. More than one-half (163) of these were not detected above the laboratory reporting levels (LRLs) in any sample ( . Some concentrations were reported as "estimated" when the detected value was less than the established LRL, or when recovery of a compound has been shown to be highly variable (Childress and others, 1999) .
Analytical results for selected constituents were compared with Federal and New York State drinking-water standards, which typically are identical. The standards include Maximum Contaminant Levels (MCLs), Secondary Maximum Contaminant Levels (SMCLs), Drinking Water Advisories (DWAs), and Action Levels (ALs) established by the USEPA (2002, 2004, and 2009 ) and the New York State Department. of Health (2007a) . MCLs are enforceable standards that specify the highest level of a contaminant that is allowed in public drinking-water supplies; they are not enforceable for private homeowner wells but are presented here as a standard for evaluation of the results. SMCLs are non-enforceable guidelines based on cosmetic and aesthetic criteria, such as taste and odor. DWAs are non-enforceable guidelines for concentrations of contaminants that are not likely to have adverse health or aesthetic effects. ALs require water systems to use treatment techniques for the reduction of contaminants; for example, concentrations of metals could be reduced by controlling corrosiveness. There are several additional compounds for which detections must be reported by public-water systems in their annual report (New York State Department of Health, 2007a; b) .
The QA/QC field blank contained no constituent in concentrations greater than the LRLs, except toluene, which was detected at a trace concentration of 0.2 µg/L, and silica, which was detected at 0.14 milligrams per liter (mg/L); this indicates that little to no contamination occurred through the sampling or analytical procedures. The results of analysis of the QA/QC replicate sample indicate that variability in sample results meets the precision requirements of the study. The analytes with the largest percent differences between concentrations in a groundwater sample and that in the replicate sample were acid-neutralizing capacity, residue on evaporation, and low-concentration trace elements (concentrations near the LRL for the trace elements).
The quality of the sampled groundwater was generally acceptable, although at each well the concentrations of some constituents exceeded Federal or New York State drinkingwater standards. Exceedances generally involved minerals that occur from natural interactions of water and rock (aluminum, iron, manganese, sodium) but also include the anthropogenic contaminants chloroform and trichloroethene, as well as bacterial contaminants. Eight of the wells tested exceeded the USEPA proposed MCL for radon-222, which is generated from the natural decay of uranium.
Physical Properties
The pH of the samples (table 1-3) ranged from 7.0 to 7.7; the median was pH 7.6 for sand and gravel wells and pH 7.5 for bedrock wells. The temperature of the water ranged from 8.6 to 15.1°C; the median was 11.0°C for sand and gravel wells and 11.6°C for bedrock wells. Specific conductance of the samples ranged from 277 to 1,080 µS/cm at 25°C; the median was 498°µS/cm at 25°C for sand and gravel wells and 538 µS/cm at 25°C for bedrock wells. Dissolved-oxygen concentrations ranged from less than 0.1 mg/L (the LRL) to 5.4 mg/L: the median was 0.6 mg/L for sand and gravel wells and 2.8 mg/L for bedrock wells. The color of the samples ranges from less than 1 platinum-cobalt (Pt-Co) unit to 8 Pt-Co units; the median was 5 Pt-Co units for sand and gravel wells and 5 Pt-Co units for bedrock wells. The odor of hydrogen sulfide gas, which may occur in the absence of oxygen, was noted by field personnel in water from one of the bedrock wells.
Major Ions
The anions that were detected in the highest concentrations were bicarbonate (alkalinity), chloride, and sulfate (tables 1 and 1-4). Bicarbonate concentrations ranged from 129 to 531 mg/L as CaCO 3 ; the median was 187 mg/L for sand and gravel wells and 217 mg/L for bedrock wells. Chloride concentrations ranged from 0.72 to 99.1 mg/L; the median was 49.2 mg/L for sand and gravel wells and 9.27 mg/L for bedrock wells. Sulfate concentrations ranged from 7.81 to 49.5 mg/L; the median was 23.3 mg/L for sand and gravel wells and 28.3 mg/L for bedrock wells.
The cations that were detected in the highest concentrations were calcium, magnesium, and sodium (tables 1 and 1-4). Calcium concentrations ranged from 29.8 to 108 mg/L; the median was 65.3 mg/L for sand and gravel wells and 40.3 mg/L for bedrock wells. Magnesium concentrations ranged from 8.01 to 29.4 mg/L; the median was 16.8 mg/L for sand and gravel wells and 10.8 mg/L for bedrock wells. Sodium concentrations ranged from 4.42 to 219 mg/L; the median was 26.4 mg/L for sand and gravel wells and 13.9 mg/L for bedrock wells. One bedrock well sample exceeded the USEPA nonregulatory drinking-water advisory taste threshold, which recommends that sodium concentrations in drinking water not exceed the range of 30 to 60 mg/L (U.S. Environmental Protection Agency, 2002; . Calcium and magnesium contribute to water hardness. Water hardness in the basin ranged from 110 to 320 mg/L as CaCO 3 ; the median was 230 mg/L for sand and gravel wells and 140 mg/L for bedrock wells. One well yielded water that was moderately hard (61-120 mg/L as CaCO 3 ); and five wells yielded water that was very hard (greater than 180 mg/L as CaCO 3 ) (Hem, 1985) . Wells finished in bedrock were slightly more alkaline (median 178 mg/L as CaCO 3 ) than those finished in sand and gravel (median 153 mg/L as CaCO 3 ). Residue on evaporation is a measure of total dissolved solids, and ranged from 155 to 640 mg/L. The median residue on evaporation was 282 mg/L for sand and gravel wells and 312 mg/L for bedrock wells; one bedrock sample exceeded the USEPA SMCL of 500 mg/L.
Nutrients and Organic Carbon
Nitrate and ammonia were the predominant nutrients in the ground-water samples (tables 2 and 1-5); nitrite and organic nitrogen concentrations were negligible in most samples. Nitrate plus nitrite concentrations ranged from less than 0.04 (the LRL) to 3.67 mg/L as nitrogen (N); the median concentration was 1.21 mg/L in samples from sand and gravel wells and 0.05 mg/L in samples from bedrock wells. Ammonia concentrations ranged from less than 0.02 (the LRL) to 0.596 mg/L as N. Concentrations of orthophosphate were typically low; the maximum concentration was 0.103 mg/L (as phosphorus). Total organic carbon concentrations ranged from an estimated 0.4 mg/L to 2.2 mg/L.
Trace Elements and Radon-222
The elements detected in the highest concentrations were aluminum, barium, boron, iron, lithium, manganese, and strontium (table 3) . Aluminum, boron, lithium, and strontium were generally present at higher concentrations in bedrock wells than at concentrations in sand and gravel wells. Aluminum concentrations ranged from less than 6 (the LRL) to 69 µg/L; the SMCL (50 µg/L) was exceeded in one bedrock well sample. Barium concentrations ranged from 38.8 to 937 µg/L. Boron concentrations ranged from 9.4 to 372 µg/L; MCLs have not been established for boron. Iron concentrations in filtered samples ranged from less than 4 µg/L (the LRL) to 503 µg/L; the Federal SMCL and the New York State MCL for iron (300 µg/L) were exceeded in one sand and gravel well sample. Lithium concentrations ranged from 1.5 to 104 µg/L; MCLs have not been established for lithium. Manganese concentrations in filtered samples ranged from less Radon-222 was detected in every sample (table 1-6), and activity ranged from 153 to 1,740 pCi/L. The median activity was 450 pCi/L in samples from sand and gravel wells and 1,430 pCi/L in samples from bedrock wells. The proposed MCL of 300 pCi/L for radon-222 in drinking water was exceeded in eight samples, but the proposed Alternate Maximum Contaminant Level (ACML) of 4,000 pCi/L was not exceeded. The AMCL is the proposed allowable activity of radon in raw-water samples where the State has implemented mitigation programs to address the health risks of radon in indoor air. The proposed MCL and AMCL for radon are under review and have not been adopted (U.S. Environmental Protection Agency, 2004; . Some trace elements were detected less frequently or at lower concentrations (table 3) than other constituents. The MCLs for antimony (6 µg/L), arsenic (10µg/L), beryllium (4 µg/L), cadmium (5 µg/L), chromium (100 µg/L), selenium (50 µg/L), silver (100 µg/L), thallium (2 µg/L), zinc (5,000 µg/L), and uranium (30 µg/L), and the SMCL for copper (1,000 µg/L), were not exceeded in any sample. Cobalt and nickel were detected, but no MCLs have been established for them. Antimony, beryllium, cadmium, mercury, silver, and thallium were not detected in any sample (table 1-2).
Pesticides
Five pesticides and related compounds (including four pesticide degradates) were detected in water from four wells (table 1-7). All of the samples containing pesticides were from sand and gravel aquifers. Caffeine is not a pesticide; however, it is measured as part of the pesticide analyses because it can be an indicator of human wastes. Caffeine was not detected in any sample (table 1-2). The herbicide atrazine and two of its degradates-CIAT (2-chloro-4-isopropylamino-6-aminos-triazine, also called deethylatrazine) and OIET (2-hydroxy-4-isopropylamino-6-ethylamino-s-triazine, also called hydroxytriazine)-were detected. Atrazine was detected in a sample from one production well at an estimated concentration of 0.002 µg/L. CIAT was detected in three samples at estimated concentrations ranging from 0.002 to 0.009 µg/L, and OIET was detected in one sample at an estimated 0.007 µg/L. Alachlor ESA, a degradate of the herbicide alachlor, was detected in samples from two production wells at 0.02 and 0.03 µg/L. Metolachlor ESA, a degradate of the herbicide metolachlor, was detected in three samples at a range of 0.06 to 0.11 µg/L, and these are the highest concentrations measured for any pesticide-related product in this study. No pesticide concentration exceeded Federal or New York State MCLs, and no Federal MCLs currently have been established for these pesticide degradation products. However, NYSDOH requires that any detections of alachlor ESA or atrazine in public water supplies be reported in their annual reports. These trace-level detections of pesticides are similar to those reported by Eckhardt and others (2001) , Phillips and others (1999) , and Eckhardt and Stackelberg (1995) from studies of pesticides in groundwater throughout New York State.
Volatile Organic Compounds and Phenolic Compounds
Volatile Organic Compounds and Phenolic Compounds Six VOCs were detected in four samples; two samples were from sand and gravel wells, and two were from 
Bacteria
All samples were analyzed for total coliform, fecal coliform, Escherichia coli (E. coli), and heterotrophic bacteria. Coliform bacteria were detected in four samples, and fecal coliforms were detected in one sample; E. coli were not detected (table 1-9). Coliform bacteria were detected in one sample from a sand and gravel production well and in three samples from private supply bedrock wells. The NYSDOH and USEPA MCL violation for total coliform bacteria occurs when 5 percent of samples of finished water collected in one month test positive for total coliform (if 40 or more samples are collected per month) or when two samples are positive for total coliform (if fewer than 40 samples are collected per month). Heterotrophic plate counts (HPCs) ranged from less than 1 (absent) to 403 colony-forming units per milliliter (CFU/mL).
Wells sampled in 2003 and 2008
Two of the wells sampled in the fall of 2008 were sampled previously in the summer of 2003 as part of this study; one is bedrock residential well SB 1470, and the other is sand and gravel production well CM 628. Of the 223 constituents and physical properties analyzed for in 2008, 52 were common to the 2003 and 2008 analyses (tables 1-10 through 1-13). Most of the 2008 measurements changed less than 25 percent from the 2003 measurements, and those that changed more than 50 percent are reported below. Water quality was generally good, and the constituents that exceeded State or Federal MCLs or SMCLs at these wells were aluminum and bacteria.
The physical properties changed less than 11 percent, with exception to water color, which increased by at least 100 percent for both wells (table 1-10). The major ions changed less than 20 percent (table 1-10). Concentrations of most major nutrients and organic carbon changed less than 30 percent, although nitrate plus nitrite decreased 60 percent and total organic carbon increased 83 percent for well SB1470 (table 1-10). No MCLs were exceeded for physical properties, major ions, major nutrients, or organic carbon. The trace element and radon-222 concentrations (table 1-11) in 2003 and 2008 were also very similar; however, concentrations of several constituents changed by more than 50 percentaluminum, cobalt, iron, manganese, nickel, and zinc for well SB 1470 and manganese and nickel for well CM 628. Radon-222 concentrations for both wells and both years exceeded the proposed Federal MCL of 300 pCi/L, but the proposed AMCL of 4,000 pCi/L was not exceeded. Pesticide concentrations (table 1-12) were similar; no pesticides were detected in samples for well SB 1470 in either year, but both atrazine and its degradate CIAT were detected at concentrations in the low nanograms for well CM 628 in both years ( 
Summary
In 2001, the U.S. Geological Survey, in cooperation with the New York State Department of Environmental Conservation, began an assessment of groundwater quality in bedrock and sand and gravel aquifers throughout New York State. As a part of this assessment, the Chemung River Basin was studied in 2003 and again in 2008. The 2008 study is the subject of this report. For the 2008 study, 10 water samples were collected from five production wells and five private residential wells from October through December 2008. Water samples were analyzed for 223 physical properties and constituents, including inorganic major ions, nutrients, organic carbon, trace elements, radon-222, pesticides, volatile organic compounds (VOCs), phenolic compounds, and bacteria. Two wells, CM 628 and SB 1470, were tested in both studies and a comparison was made of the results. The measurements for most constituents changed little; measurements of only eight constituents changed more than 50 percent from the 2003 value.
The quality of the sampled groundwater was generally acceptable in 2003 and 2008. However, each well sampled in 2008 had at least one constituent that exceeded a Federal or New York State drinking-water standard, or goal, or proposed standard. Maximum Contaminant Levels (MCLs) or Secondary Maximum Contaminant Levels set by the U.S. Environmental Protection Agency (USEPA) and New York State Department of Health for trace elements (manganese, iron, and (or) aluminum) were exceeded in samples from five wells, for the bacterial analyses (total and (or) fecal coliform) at four wells, for the volatile organic compound trichloroethene at one well, and for residue on evaporation at one well. The USEPA drinking-water advisory taste threshold was exceeded for one inorganic ion (sodium) at one well. The USEPA proposed MCL for the radioactive isotope radon-222 was exceeded at eight wells. Five pesticides and related compounds (including four pesticide degradates) were detected in water from four production wells. No pesticide concentration exceeded Federal or New York State MCLs, and no Federal MCLs currently have been established for these pesticide degradation products. Six VOCs were detected in four samples; two samples were from production wells, and two were from private residential wells. Trichloroethene was detected in one production well at 5.5 µg/L; the Federal and New York State MCL (5 µg/L) was exceeded. [Well locations are shown in figure 1 . mg/L, milligrams per liter; <, less than; μS/cm, microsiemens per centimeter at 25 degrees Celsius; (00080) [Well locations are shown in figure 1 . μg/L, micrograms per liter; <, less than; (04040), U.S. Geological Survey National Water Information System (NWIS) parameter code; CIAT, 2-Chloro-4-isopropylamino-6-amino-s-triazine; OIET, 2-Hydroxy-4-isopropylamino-6-ethylamino-s-triazine; ESA, ethanesulfonic acid; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery] [Well locations are shown in figure 1. mL, milliliter; <, less than; > greater than; CFU, colony-forming unit; (61213) 
